A recently proposed Distributed Mass/Discrete Floe model (DMDF model) is a model for practical computations of pack ice motion. The floes are divided into bunches, in which they are assumed to be distributed uniformly. As a result, larger number of floes can be treated in comparison with discrete element models. The ice interaction force is formulated from the momentum conservation in the collisions of floes in a bunch and between the bunches. The movement of floes is calculated in combination with water flow using a multi-layer model to express the surface flow more accurately. This paper describes an improved disk floe version. In a circulation water channel, drift tests of physical model floes were performed in order to investigate characteristics of their motion and interaction with the structure. The results are summarized as follows :
ments of pack ice and a solid body such as a coastline or an ocean structure. So far, researchers involved with such problems have treated the pack ice as a continuum. Several continuum models have been proposed and applied to long-term and wide-area predictions1),2),3) and short-term and narrow-area predictions4),5),6). However, since the pack ice has discrete features, such models have certain limitations. On the other hand, Serrer et al.7), Frederking & Sayed8) and LOset9) proposed a discrete element model approximating each ice floe by a disk. Although this approach is interesting, practical applications of it might be difficult because it requires much computation time.
A Distributed Mass/Discrete Floe model is a model for numerical simulation of mesoscale pack ice rheology. It has the advantages of both a continuum model and a discrete model. It can express the discrete nature of pack ice which is difficult for a continuum model to treat. It can treat larger number of floes in much shorter computation time compared to discrete element model. A rectangular floe version of this model was reported in previous papers10),11), and a disk floe version in another paper12). This paper describes an improved disk floe version. Figure 1 shows the computational procedure of this model.
The drift tests of floe models are done in a circulation water channel. Two computations are made in order to investigate characteristics of pack ice motion with Distributed Mass/Discrete Floe model. The first is made for the same conditions as the drift test of the physical model floes around an ocean structure made at the circulating water channel. The others is pack ice movement simulation along an irregular boundary on the east coast of Canada. Simulation results are compared with the forecast of the operational model of Environment Canada 13). ( 1 )
where, bl.,bly is the bunch area, N,Ni, is the number of disks in the bunch, and dl ic is the diameter of a disk. Figure 2 shows such a bunch with 9 disk floe elements. The ice floes are denoted by the gray disks in the bunch. One of them is divided into two semi-disks to describe the uniform distribution of floes. A floe such as A, whose right half is inside the bunch, is treated as one floe in the same manner as the others in the bunch. On the other hand, floe B belongs to the neighboring bunch. The triangle abc is a regular triangle and 0 is a vertical angle of a regular triangle.
2. 2 Equations of bunch motion Pack ice movement with a relatively short time-scale (of the order of several days at most) can be numerically well simulated with a dynamical model where the Coriolis force, the sea surface inclination force, the interaction forces among the floe bunches and the stress due to the wind and water current are taken into account, neglecting ice growth and ablation.
The momentum change of the ice floe bunch in a time interval of dt can be expressed by the following equations : ( 5 ) where, 
where pi is the friction coefficient between floes.
Assuming that the force exerted on the floes except the interaction force is Fb, the velocity of the edges of the bunch at time t + dt are expressed as,
(12)
Assuming that the velocity of the edges varies linearly, the moving distances of the edges are determined by the following equations,
(15) (17) and the size of the bunch changes as follows :
2. 4 Model improvement In the previous paper12), assuming that the floe distribution in a bunch is invariant within one time step dt, the ice interaction forces are formulated using a fully explicit scheme as follows, (20) ( 21) where the superscript t denotes values at the time t and +1 denotes values of the neighboring bunch.
However, the floe distribution in the bunch would be altered within one time step dt due to the lateral expansion of floes. In order to take into consideration the change of the floe distribution, the ice interaction forces are formulated as follow ; (22) ( 23) where m'r is the mass of the floes taking part in the collision within one time step dt. The interaction forces dt and the mass mt are evaluated by iteration. the wind and current, and collide with the structure. The drift speed at the inside and outside of the channel is higher than at the center due to the difference of the surface water speed and the form drag. Then the floe models accumulate in front of the structure. In the case of the disk floes shown in Figure 8 ( a ) , the floe models in front of the structure have active motion, because collision between disks is along the diametral line. As a result, they flow out from both sides and the number of floes in front of the structure decreases with time. In the case of the rectangles, however, the floe models have no motion in front of the structure, because they collide facially. The number of the floes in front of the structure is constant with respect to time as shown in Figure  8 ( b ) . Figure 9 shows the time variation of the x-direction force of F, exerted on the structure (see Figure 5) , each peak corresponds to a collision of a floe model or floe models. The horizontal axis denotes the elapsed time from the start of the force measurement.
The negative peak is due to the vibration of the structure. In the present test, all the floes in front of the structure collided with the structure simultaneously, because the floe concentration was very high. Hence higher peaks appear intensively at the beginning of contact. In the case of rectangle floes, the force Fx is stable compared to the case of disk floes. This is due to the behavior of their motion in front of the structure : the rectangle floes had no motion, while the disk floes had active motion.
Numerical Results
Two computations were made in order to investigate the characteristics of pack ice motion with Distributed Mass/Discrete Floe model. One was for the same conditions as the drift test just described and the other for the Canadian coast.
4. 1 Drift of floe models The drift observed in the model floe experiments were numerically simulated for the two shapes with the same 
where subscript * denotes direction x or y and superscript + denotes upstream neighboring mesh. These equations were formulated in such a way that the computed surface water speed at the position of the structure agree with the experiment. Figure 10 shows the time variation of ice concentration contours. The outer contour line denotes 0.01 and the contour interval is 0.2. The results is similar to the circulating water channel experiment.
In the case of the disk floes shown in Figure 10 ( a ) , the floes accumulate in front of the structure and flow out from both sides. The number of floes in front of the structure decreases with time. The number of rectangle floes in front of the structure remains constant with time as observed. The drift speed at the inside and outside of the channel is higher than the center for both cases of disk and rectangle floes. Figure 11 shows the time variation of the x-direction force exerted on the structure. The horizontal axis denotes the elapsed time from the start of floe motion. The highest peak value agrees in the experiments, the floe motions in front of the structure became active due to the dynamic response of the structure model and a larger number of peaks appear compared to the results of the computation. 4. 2 Pack ice movement along an irregular boundary This simulation was done using constant wind velocity and zero water current. A boundary representing an area along the east coast of Canada is used. Comparison was made with the prediction of the Regional Ice Model (RIM) of Environment Canada. Details of this study are given by Neralla et al.13) . Figure 12 shows the boundary geometry and initial ice concentration contour. The mesh size was 10 km, the friction coefficients Ca and C. were 0.00065 and 0.005 respectively.
Simulation was run using wind velocity with an easterly component of 9 m/sec and a northerly component of 4 m/sec. Figure 13 shows the resulting ice concentration contours after 48 hours. Predicted ice concentrations agree closely except near the northwest boundary.
The DMDF simulation predicts the development of an open water area near the north-west boundary which is not predicted by RIM. It should be noted that at a fixed boundary, the RIM uses the "noslip" condition, while the DMDF model allows floes to slide. The "no-slip" boundary condition of the RIM probably prevents the development of such open water areas near a fixed boundary.
Conclusions
An improved disk floe version of the DMDF model for pack ice motion simulation was described. In a circulation water channel, the drift tests of model floes were performed in order to investigate characteristics of their motion and interaction with a structure. The results are summarized as follows :
The floe motion near the structure depends on the floe shape. The disk floes have lateral motion in front of the An actual pack ice motion may be between these two extreme cases.
Two computations using 'DMDF model were made. 
